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ABSTRACT 
In-Situ Chemical Oxidation (ISCO) injections were performed at Petro Stopping Centers # 10 (Petro) in 
December 2013 and June 2015. The methodology was direct injection of a heavy oxidizer, RegenOx®, followed 
by a time-release oxygen compound, ORC Advanced®, into a plume of gasoline sitting on top of the water in 
the aquifer in hope that this remediate the aquifer. Both chemicals are registered trademarks of the Regenesis®  
Company.  
The levels of contaminates have dropped considerably. However, Petro has not achieved closure criteria 
according to RECAP standards. The site is classified as a GW-1B, subject to the most stringent of remediation 
standards, due to its ability to be used as a drinking water source. The analytical results show undulating 
contaminate levels, dropping to below detectable levels then resurging to levels above acceptable RECAP 
standards. Levels show steady decline in all the monitoring wells including downgradient monitoring wells. The 
undulating phenomenon can be explained by desorption of COCs, incidental spilling of gasoline, or the clay’s 
affinity for organics. Further investigation into the clay will provide a better idea of which hypothesis is closer 
to the truth. During a sampling event, 3/19/15, levels were below detectable concentrations in all samples. Lab 
error offers a possible explanation for this event, the site still has contamination on it, if that sampling event 
produced clean samples is highly suspect.  
The injections were successful at bringing gasoline contaminate concentrations down directly after an 
injection period. The method is effective and easy to apply. The resurgence of contaminates at this site is up for 
discussion and further study but, the method of remediation used at Petro is an effective tool in remediating a 
gasoline contaminated aquifer. Suggestions for improving the effectiveness of this method with the use of other 
injection materials in conjunction with the chemicals used in this project are mentioned in the discussion and 
conclusion sections of this thesis. Data referenced in this thesis is publicly available at the Louisiana 
Department of Environmental Quality document search website EDMS under the Agency Interest(AI) number 
5962. 
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INTRODUCTION 
 Soil and groundwater contamination due to petroleum products is a common problem throughout the 
world. This issue is a result of man’s widespread use of petroleum based products in day to day activities.  
Gasoline and diesel spills comprise the majority of soil and groundwater contamination events.  
 When the public thinks of a gasoline or diesel spill they think of the over turned big rig on the highway.  
Although highway accidents happen, it is not the most common way petroleum is released. Underground 
storage tanks (USTs), such as those at a gasoline station, are the most frequent routes for gasoline or diesel to 
contaminate soil and groundwater. USTs begin to leak for a variety of reasons, and because of their location 
can do so for extended periods of time, allowing large amounts of petroleum constituents to be released. 
 Some USTs can leak for months or years without being noticed. An example of this common UST 
scenario would be the spill at the Petro Stopping Centers #10 (Petro) in Hammond, Louisiana. The fuel lines 
running from the USTs to the fuel dispensers were discovered to have cracked and were leaking for an 
extended length of time which resulted in the soil and groundwater became severely impacted. 
  Contamination of soil and groundwater by gasoline is cause for concern because of the hazardous 
chemical composition of gasoline. Benzene, Toluene, Ethylbenzene, and Xylenes, collectively known as 
BTEX, are the most harmful components in gasoline. The combined components of BTEX are believed to 
work synergistically, producing even greater harm to the environment and exposed individuals. Gasoline also 
contained Methyl Tertiary Butyl Ether (MTBE), a harmful additive that must also be remediated  
 To remove BTEX and MTBE from the soil and groundwater, Eagle Environmental Services Inc. 
(Eagle), along with the Louisiana Department of Environmental Quality (LDEQ), designed a plan of action.  A 
few methodological approaches were considered. In the interests of remediating in the most cost effective and 
least laborious manor, the In-Situ Chemical Oxidation (ISCO) injection method was chosen.  ISCO entails the 
injection of a chemical oxidizer into the contamination plume with the use of direct-push technology. The 
chemical oxidation is designed to break down the constituents of concern (COC’s), BTEX and MTBE. 
This thesis is focused on evaluating the effectiveness of the ISCO injection method on remediating 
groundwater contamination. Specifically, reduction in the concentration of COCs at Petro. 
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BACKGROUND & LITERATURE REVIEW 
 
REGULATION 
 Soil and groundwater contamination by petroleum has been an environmental issue for most of the last 
century and the costs of remediating sites lead to state and federal regulations.  The US Congress created the 
Leaking Underground Storage Tank (LUST) Trust Fund in 1986 by amending Subtitle I of the Solid Waste 
Disposal Act to address the problem of soil and groundwater contamination by gasoline and diesel leakage 
from federally USTs (https://www.epa.gov/ust/leaking-underground-storage-tank-lust-trust-fund).  “The LUST 
Trust Fund provides money to: Oversee cleanups of petroleum releases by responsible parties; Enforce 
cleanups by recalcitrant parties; Pay for cleanups at sites where the owner or operator is unknown, unwilling, 
or unable to respond, or which require emergency action; and Conduct inspections and other release prevention 
activities.” (https://www.epa.gov/ust/leaking-underground-storage-tank-lust-trust-fund).  This trust fund allows 
for the present site of interest, Petro, to receive money through the state from the federal government to clean 
its released materials and remediate the site. The full list of regulation on USTs can be found in U.S. Code, 
Title 42, Chapter 82, Subchapter IX. 
The main state regulation that governs this project is the Louisiana Department of Environmental 
Quality (LDEQ) Risk Evaluation/Corrective Action Program (RECAP) (LDEQ,2003), which addresses risks to 
human health and the environment from release of chemicals to the environment.  RECAP requires that risk to 
human health and the environment be evaluated in the remedial decision-making process. “RECAP uses risk 
evaluation to: (1) determine if corrective action is necessary for the protection of human health and the 
environment, and (2) identify constituent levels in impacted media that do not pose unacceptable risks to 
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SITE GEOLOGY  
The geology of a contaminated site is an important aspect when considering the type of remediation 
one wishes to perform on an area.  The remediation options can be considerably limited by the composition of 
the ground soil layers and the transport of contaminants to groundwater and deeper aquifers.  
“The upper Ponchatoula aquifer consists of extensive deposits of sand and gravel and typically is 200 to 
300 ft thick, but thins southward. The upper Ponchatoula is thickest in the vicinity of Tickfaw and Hammond, 
La., and thins to about 200 ft at Ponchatoula, LA.” (Rapp, 1994).  Petro sits on top of Pleistocene terrace 
formations of southeast Louisiana, and thus composed of deposits of clay, silt, and gravel according to the Soil 
Survey of Tangipahoa Parish, (McDaniel, 1990).  The region of the present location of interest is the Hammond 
area, which contains poorly drained silts and clays with slow infiltration and permeability rates and high runoff 
potential, especially due to a thick clay layer or claypan at or near the surface, as classified by the Louisiana 
Geological Survey (LGS).  As such this area is considered a low recharge potential area to deeper drinking 
water aquifers (LGS, 1988). The United States Department of Agriculture (USDA) Soil Survey of Tangipahoa 
Parish describes the Hammond area as being in pine flats consisting of extensive broad, flat, poorly drained 
areas that rise gently to the north (McDaniel, 1990).  The groundwater at Petro is contained in a silty sand, 
gravelly sand layer starting at 10-12 feet below ground surface (ft bgs). 
HYDROLOGY 
 The surface hydrology of Petro comes into play now because of the aforementioned poorly drained 
soils.  Many small rivers and streams, the largest of which are the Tangipahoa River in the eastern part of the 
parish and the Natalbany River in the western part of the parish, bisect Tangipahoa Parish. The numerous 
smaller streams and creeks in the parish empty into these two main rivers. Ponchatoula Creek is located about 
0.3 miles south-southwest of Petro. This creek empties into the Natalbany River. The Natalbany River empties 
in to the Tickfaw River, which empties into Lake Maurepas. Lake Maurepas flows to Lake Ponchartrain 
through North Pass and eventually empties to the Gulf of Mexico (http://www.mytopo.com/maps/index.cfm).  
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Surface contamination at this site is also a problem; customers can spill gas while fueling their vehicles. 
However, most surface contamination to hit this site will have a tough time making it past the clay layer and 
will be carried off via surface runoff and sheetflow, during normal rainfall events, to the Ponchatoula Creek.   
HYDROGEOLOGY 
 The fresh-water aquifers in Tangipahoa parish include the Miocene aged aquifers known collectively as 
the Jasper equivalent system (USGS, 2007). This aquifer system was deposited as “an off-lapping sequence of 
continental, deltaic, and marine sediments along the north flank of the Gulf Coast geosynclines” (USGS, 
2007). A review of registered water wells within a one-mile radius of  Petro shows two public supply wells 
screened in the Hammond aquifer at approximately 2,600 ft bgs, and one screened in the much shallower 
Gonzales/New Orleans aquifer at approximately 100 ft bgs.  Most of the registered domestic wells within one-
mile of Petro are screened in the shallower Gonzales/New Orleans aquifer. A map showing the location of 
registered domestic and public supply wells within a one-mile radius of Petro is provided in Appendix 2.  The 
nearest registered well, #137, is located up-gradient of Petro. The nearest down-gradient well is well #830, a 
public supply well that is screened at a depth of 2,665 ft bgs. The nearest down-gradient domestic well is 
located over one-half mile away, well #136, and is screened in the Gonzales/New Orleans aquifer at 
approximately 100 ft bgs. 
TOXICOLOGY   
 The primary constituents of concern from gasoline are BTEX and MTBE. The Chemicals involved in 
BTEX may work synergistically and their effect as a whole is well documented. The constituents of BTEX and 
MTBE are listed among the Priority Pollutants by the U.S.EPA (Zhang, et al., 2013). Benzene is a common 
solvent used in industry from factory work to medicine, resulting in high potential exposure of the workforce. 
Exposure to the general public occurs through routes as simple as smoking a cigarette or buying gasoline 
(Khan, 2007). Although rare, acute doses of benzene are known to produce aplastic anemia, a lethal condition 
where the bone marrow stops producing new blood cells (ATSDR 2007, 2015) Benzene is a known human 
carcinogen, a leukemogen and a lymphomogen (producing leukemia and lymphomas) (Group I classification, 
IARC 2016) (http://monographs.iarc.fr/ENG/Classification/latest_classif.php). Chronic exposure to benzene at 
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low doses produces leukemia and non-Hodgkin lymphomas.  Acute Myeloid Leukemia (AML) is considered a 
‘signature disease’ from benzene exposure (ATSDR 2007, 2015). The exposure time to benzene for petroleum 
distribution workers was found to coincide with a significant risk for leukemia (Khan 2007).   
The toxic mechanism of action of benzene is still poorly understood, but it is thought that the 
hydroquinone and benzoquinone metabolites are the ultimate agents damaging cellular macromolecules, 
including DNA that leads to leukemia or lymphoma. (Liu et al. 2015; ATSDR 2007, 2015).  Thus the damage 
done to an organism persist long after the parent compound, benzene, has been metabolized and eliminated. 
Although Toluene is not classified as a carcinogen (Group III, IARC 2016), it is a known neurotoxin 
(Liu et al., 2015). This chemical is known to cause neurodegenerative effects. Toluene is produced primarily as 
a solvent and considered safer than benzene, as a component of gasoline, and in production of benzene and 
many chemicals and consumer goods. It is generally agreed that toluene does not have the hemotoxic 
properties of benzene. The narcotic and neurotoxic properties of toluene are considered to be the main health 
hazards for humans (Fishbein, 1985). 
Once absorbed, Toluene is primarily biotransformed by liver cytochrome P450 enzymes, resulting 
mainly in benzoic acid that is subsequently conjugated with glycine to form hippuric-acid and excreted in urine 
(Fishbein, 1985). Due to its high lipid solubility, toluene readily crosses membrane and physiological barriers 
including the blood brain barrier and the placental barrier.  Infiltration of the CNS by toluene is obvious from 
its neurological impacts, but infiltration of the fetus leads to teratogenic effects.  Toluene has been linked birth 
defects and is a known teratogen (Callan et al., 2016). The Callan et al. (2016) study looked at the birth weight 
of children whose mothers were toluene exposed through the work environment or through substance abuse, 
and identified physical and behavioral effects that fall under the category of Fetal Solvent Syndrome (Callen et 
al. 2016).  
Ethylbenzene is an IARC suspected carcinogen (Group IIB, IARC 2016).  Acute high doses of 
Ethylbenzene also result in eye and throat irritation, dizziness and vertigo.  In a chronic low dose situation, 
such as prolonged exposure from a BTEX contaminated site, may result in irreversible inner ear damage as 
well as kidney failure (Taylor, 2010).As a natural product present in crude oil, large amounts of ethylbenzene 
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are produced in the United States and utilized mostly in the production of various plastics but also in fuels and 
solvents (Taylor, 2010).  Unfortunately, Ethylbenzene seems to be ubiquitous in the environment, with low 
level concentrations present in all three medias: land, water, and air. This is particularly true in groundwater 
near current or former landfills, hazardous sites, or gas stations (Taylor, 2010).    
Xylenes comprise the fourth component of BTEX. Three different isomers of xylene exist where the 
methyl group changes positions on the benzene ring meta-xylene, ortho-xylene, and para-xylene (ATSDR 
Toxicological Profile for Xylene, 2007). Xylenes fall into the classification of IARC suspect carcinogens 
(Group III, IARC 2016). Xylene is one of the top 30 most produced compounds in the United States and is also 
naturally occurring in petroleum and coal products (ATSDR Toxicological Profile for Xylene, 2007). 
 A known neurotoxin, xylene is rapidly absorbed through the lungs with 50% to 75% of the amount 
present in each inhaled breath being retained in the body (ATSDR Toxicological Profile for Xylene, 2007).  
Symptoms of exposure to 100 parts per million (ppm) of xylene in the air include headache, dizziness, nausea 
and vomiting as well as the CNS depression (Kandyala et al., 2010).  Chronic exposure to xylene results in 
depression, insomnia, agitation, extreme fatigue, tremors, diminished short-term memory and impaired ability 
to concentrate.  These symptoms have been referred to as ‘organic solvent syndrome’ (Kandyala et al., 2010).  
BTEX DEGRADATION 
The ISCO injection method chosen for Petro has two modes of degradation for the BTEX constituents. The 
first mode is direct chemical oxidation of the constituents, and the second is aerobic degradation performed by 
the existing microbes in the aquifer. The main chemical injected during this ISCO remediation was RegenOx 
which is a direct chemical oxidizer, making direct oxidation the main mode of oxidation for the injections. 
However, ORC Advanced was injected for the last few days of the injection period in order to sustain the 
already elevated dissolved oxygen levels in the aquifer as an effort to boost the aerobic degradation of the 
BTEX constituents long after injections were complete.      
 The constituents of BTEX are highly receptive to aerobic biodegradation under aerobic conditions. 
Two enzyme families are responsible, dioxygenases and monooxygenases. These enzyme pathways are 
referred to as the “tod” and “tol” pathways respectively. Enzymes from the Monooxygenase family attack the 
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methyl and ethyl group substituents on aromatic rings, this includes toluene, ethylbenzene, and xylenes. They 
are converted via enzyme catalyzed oxidation reactions to substituted pyrocatechols or phenyl glyoxal. This is 
referred to as the ‘tol” pathway (El-Naas et al., 2014). The “tod” pathway involves the dioxygenase family of 
enzymes. These enzymes attack the aromatic ring itself this includes all the BTEX constituents including 
Benzene. The breaking of the ring leads to the formation of 2-hydroxy-substituated compounds. The benzene 
oxidation is kicked off with a hydroxylation catalyzed by a dioxygenase (El-Naas et al. 2014). When the 
aromatic ring is substituted the enzymatic oxidation degradation can be catalyzed by both path ways, and 
according to El-Naas et al. toluene is the most readily degraded of the BTEX constituents.  
 The direct oxidation of BTEX, in the case of Petro, is the use of RegenOx reacting with its IRON 
chelating agent to create a free hydroxide radical (˙OH). This free radical attacks the organic constituents 
readily and quickly breaking bonds and stopping rotation inside aromatic rings. This reaction occurs on the 
order of 109-1010m-1s-1(Kang and Hua, 2005). 
THE CHEMICALS AND ISCO  
To remove BTEX and MTBE from the soil and groundwater, Eagle Environmental Services Inc. 
(Eagle), along with the Louisiana Department of Environmental Quality (LDEQ), Developed a Corrective 
Action Plan (CAP) using RECAP standards as a guideline. In the interests of remediating in the most cost 
effective and least laborious manor, the In-Situ ISCO injection method was chosen. ISCO entails the injection 
of a chemical oxidizer into the contamination plume with the use of direct-push technology. The chemicals 
chosen for the remediation task were RegenOx and ORC Advanced. The Safety Data Sheets (SDS) for both of 
these chemicals are included in appendix 3. 
 RegenOx is a trade name for Sodium Percarbonate, activated with Chelated-Fe (II). The mode of action 
of RegenOx is oxidation of the COC’s. According to Crimi and Taylor (2007), benzene is often the limiting 
factor for achieving the designation of “clean” at a contaminated site. The maximum contaminate level for 
Benzene in groundwater has been set at .005 milligrams per liter (mg/l) by the Safe Drinking Water Act (Fu et 
al. 2015). At Petro this means all monitoring wells must measure below this level because of the aquifers 
classification at Groundwater Classification 1 B (GW1B). The use of a chelating agent in our case Iron (Fe 
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(II)), is because the Fenton like reaction, oxidation, performed by sodium percarbonate performs best done in 
the pH 2-4 range (Fu et al., 2015). Most ground water is near neutral or slightly basic, so the Iron is used as a 
catalyst material to overcome the hurdle of the sub-optimal pH conditions (Fu et al., 2015).  According to Fu et 
al. (2015) this practice of using a chelating agent has been reported to significantly enhance the degradation of 
organic contaminates at neutral pH. 
ORC Advanced is the trade name for a chemical mixture of Calcium Hydroxide Oxide and Calcium 
Hydroxide it was designed by the Regenesis Company. ORC Advanced contains what Regenesis calls 
Controlled Release Technology (CRT). According to their website ORC Advanced releases oxygen, 17% by 
weight, at a controlled rate over a period of up to 12 months. This is designed to boost the aerobic 
biodegradation of COCs in the ground water. It is used in conjunction with RegenOx at contaminated sites to 
continue remediation long after work has been completed. ORC Advanced can treat a wide variety of 
chemicals but its effects have been best observed aiding the biodegradation of BTEX and MTBE.  
 The LDEQ and Eagle both settled on RegenOx for a reason.  Over years of experience in these 
remediation processes, the application of the Fenton reaction produces a powerful and non-selective oxidative 
decomposition of hydrocarbon contaminants (Fu et al. 2015). This approach has gained in popularity due to its 
effectiveness and low harmful impact to the environment. According to Fu and group (2015), the classic 
Fenton reaction involves the use of strong oxidizing ‘liquid H2O2’ without the use of a chelating agent. The 
Fenton alternative, Sodium percarbonate, RegenOx, performs as well as the Fenton’s reagent and there is a 
greater ease of use because RegenOx is a dry granule type material that in the event of a spill can be simply 
swept up and disposed of. Also the use of the Iron Chelating agent makes this RegenOx very powerful in 
normal soil conditions, whereas traditionally the liquid H2O2 needs soils in the acidic range to perform at 
optimum. The RegenOx reagent therefore was concluded to be better suited for Petro, with a near neutral pH 
and busy high traffic working area, than using the liquid Fenton’s reagent or other remediation methods. 
 ALTERNATIVE METHODS 
 There are alternatives to the ISCO chemicals chosen for this project. Permanganate and activated and 
inactivated persulfate were used in the remediation of a chalky aquifer in France by the Lemaire group 
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(Lemaire et al., 2011). This method, chosen by Lemaire was very similar to the method chosen for Petro.  
Lemaire and group chose this method after experimenting with the use of different oxidizers. 
Bioremediation is always a popular idea because it uses microbes to destroy contaminates and is 
generally seen as man using mother nature to clean up the mess. This natural process is not the only aspect that 
makes this method attractive, it is also relatively easily done and cost effective, Gersberg and group (1995) 
performed a three-year study on the nitrate enrichment of ground water of a contaminated aquifer to encourage 
bacterial denitrification.  Denitrification has been shown to support biodegradation of small hydrocarbons such 
as BTEX (Gersberg et al., 1995). Denitrification is an anaerobic process where nitrate becomes the alternative 
electron acceptor to oxygen so it would be preferred in low oxygen conditions such as a groundwater aquifer 
(Gersberg et al., 1995). This was a successful experiment as it brought BTEX levels down by 81% and 99% in 
the observed groundwater (Gersberg et al., 1995). 
The bioremediation approach was taken a step further recently by the Zhang and group (2013). They 
used activated carbon as a bed for activated sludge with the idea that BTEX type chemicals would bind to the 
activated carbon and the microbial flora in the sludge would degrade these organic constituents (Zhang et.al, 
2013). Though it was conducted on a small scale, this system was very successful.  Results show low dissolved 
oxygen consumption, and the carbon binds the COC’s acting like a filter while the microbes devoured them. 
Over the course of this 70-day study little breakthrough of organics was observed (Zhang et al., 2013). 
 Bentonite is a clay type mixture commonly referred to as drilling mud. Saeid Gitipour and his team 
used a modified bentonite to immobilize organic constituents in contaminated soils (Gitipour et al., 1997). 
“Absorption of organics by clays indicates that quaternary ammonium cations such as 
hexadecyltrimethylammonium (HDTMA) interact with clays and replace the exchangeable inorganic cations 
on their surfaces, forming a stationary phase in the clay particles” (Gitipour et al., 1997). In their experiment a 
chemical named Dimethyl di(hydrogenated) tallow was used to modify the bentonite clay mixture. Southern 
Clay Products (SCP) performed this modification (Gitipour et al., 1997). The experiment was successful in 
binding the organics with the modified bentonite, immobilizing 87% on average. Leaching was measured by 
conducting a standard, Toxicity Characteristics Leaching Procedure (TCLP) (Gitipour et al., 1997). 
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MATERIALS AND METHODS 
The contamination at Petro is predominantly in the First 20 feet below the ground surface. Gasoline has 
a density less than 1 gram per cubic centimeter. “Gasoline weighs 0.749 grams per cubic centimeter” 
(http://www.aqua-calc.com/page/density-table/substance/gasoline), this property will make it float on top of 
the groundwater below ground surface.  “The shallow aquifer consists of sand and gravel deposits underlying 
the upland terraces and flood plain deposits of major streams. Locally, the shallow aquifer can contain a large 
percentage of silt and clay, resulting in widely varying well yields.” (Rapp, 1994). Petro sits on top of 
Pleistocene terrace formations of southeast Louisiana, the deposits from this period consist of clay, silt, and 
gravel according to the Soil Survey of Tangipahoa Parish. Upon investigation of Petro in particular it was 
found that the site had ground water in a silty and gravelly sand layer starting at 10-12 feet below ground 
surface, this can be observed cross section A-A’ in Figures 1 and 2. The first 10-12 ft bgs consist of a silty 
clay, clay material. In the Hammond area these deposits are classified by the LGS (1988) as “poorly drained 
silts and clays with slow to very slow infiltration and permeability rates and high runoff potential. They include 
shallow soils over nearly impervious materials and soils with a claypan or a thick clay layer at or near the 
surface.” As such this area is considered a low recharge potential area to deeper drinking water aquifers (LGS, 
1988). Likewise, the USDA (1990) Soil Survey of Tangipahoa Parish describes the Hammond area as being in 
pine flats consisting of extensive broad, flat, poorly drained areas that rise gently to the north (USDA, 1990). 
Groundwater flow at Petro is in a northeast to southwest direction as seen in Figure 3.  
During the RECAP investigation, the aquifer at Petro was classified as GW1B in accordance with 
RECAP standards “Groundwater within an aquifer that could potentially supply drinking water to a public 
water supply. The aquifer should be sufficiently permeable to transmit water to a well at a maximum 
sustainable yield of greater than or equal to 4,800 gallons per day (gpd) (6 households x 4 persons per 
household x 100 gpd x peaking factor of 2); and groundwater quality is such that it has a Total Dissolved 
Solids (TDS) concentration less than or equal to 1,000 milligrams per liter (mg/l)” (LDEQ RECAP 2003).  
GW1B designation forces Petro into RECAP’s most stringent standards for declaring this site clean “An 
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aquifer meeting the Groundwater Classification 1 criteria is considered an underground source of drinking 
water and shall be protected or restored to its maximum beneficial use” (LDEQ RECAP 2003).  
Figure 1-Cross section A-A' Location 
This figure gives an over view of the cross sections location 
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Figure 2-Cross section A-A': 
This figure gives a view of the Clay layer that Petro sits on top of as well as the water bearing sands beneath 
them. 
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Figure 3-Potentiometric Map: 
This figure gives a view of the flow of groundwater at Petro. 
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 Point of Exposure (POE) for a GW1B Aquifer is assumed to be throughout the aquifer, and the Point 
of Compliance (POC) used to measure the concentration of COCs is supposed to be placed as close to the 
source of contamination without causing adverse effects (LDEQ RECAP 2003).  
The RECAP standards for compliance can be found on the LDEQ website as table 3. The acceptable 
levels for each constituent analyzed in this remediation are as follows: benzene 0.005 mg/l, toluene 1.0 mg/l, 
ethylbenzene 0.7 mg/l, xylenes1.0 mg/l, MTBE 0.02 mg/l, C8-10 aromatics 0.34 mg/l, C6-8 aliphatics 3.2 
mg/l, and C8-10 aliphatics 1.3 mg/l (LDEQ RECAP, 2003). A full list of RECAP standards is included in 
Appendix 1 of this document. The full document for aquifer and soil survey information can be found in 
Appendix 2. 
 The week the injection period was permitted to start, Eagle arrived onsite and began to prep the site for 
injection. Eagle introduced themselves to the Petro managers and made the manager familiar with what would 
be taking place over the next month. After the meeting with the manager the drilling crew arrived onsite. Eagle 
and the drill crew did a site walk around and marked out each injection point. After finishing marking 
prospective injection points, Eagle began testing the points for underground obstructions. This process 
consisted of a 3-inch Diameter Hammer drill bit to break through the asphalt and soil cement of the parking lot.  
A 2-inch hand auguring was also required to dig the rest of the clay to reach a four-foot depth. Four feet is the 
required depth to test for underground lines or piping. During the course of testing Louisiana One Call arrived 
onsite and marked the location of underground lines around prospective down gradient injection points. Not all 
injection points needed the hammer drill, as those in the grass could be checked with the hand auger alone. 
This site check took a day. The next day Eagle mobilized all equipment onsite so work could at 7:00 am the 
following morning. The equipment brought onsite included an 18-foot white cargo trailer to hold all chemicals, 
RegenOx Parts A and B, ORC Advanced, miscellaneous tools and small pieces of equipment such as all the 
injection hoses, a 2” Honda trash pump, and caution barrier fencing. The Drilling and pumping equipment was 
also stored onsite, which included a Geo Probe 6620 and a ChemGrout double hopper pump. 
 ISCO treatment of the shallow soil and groundwater at Petro was conducted between Wednesday June 
3, 2015 and Thursday July 2, 2015.  In accordance with the LDEQ approved Corrective Action Plan (CAP), 
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impacted areas of the property were treated by injecting ORC Advanced and RegenOx.  The ISCO treatment 
was injected into the soil and groundwater utilizing direct-push technology. A GeoProbe 6620 was used to 
reach the desired injection depth.  Injections were generally conducted between 15 and 25 feet bgs. The 
Oxidation chemicals were pumped down with a ChemGrout Double Hopper Pump.  
During injection of ISCO access points, the drill and injection crew would move to another access point 
if the oxidation chemicals began to resurface, otherwise they would not move off of an access point until about 
300 pounds was pumped into the ground. Sometimes the reaction was so violent that the gasses from the 
reaction would resurface vigorously long before any liquid began to resurface.  
Following completion of injection activities at each ISCO Access Point, each resulting soil borehole 
was plugged and abandoned in accordance with the LDEQ and Louisiana Department of Transportation and 
Development (LDOTD) “Construction of Geotechnical Boreholes and Groundwater Monitoring Systems 
Handbook,” 2000.  Each ISCO Access Point was grouted from the bottom of the borehole to the land surface.  
Additionally, each location was properly plugged and abandoned within 30 days of initiation of injection 
activities as required by the injection permit waver. 
 
Photo 1: View of Crew mixing and injecting RegenOx, also a view of the GeoProbe and ChemGrout mixer  
http://216.104.174.26/protech/content/project-3 
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Photo 2: View of Injection well head with pressure indicator and relief valve 
http://216.104.174.26/protech/content/project-3 
Petro has been sampled since 2006 initially with five groundwater monitoring wells, and subsequently 
the number was raised to eight wells after 2008. The eight groundwater monitoring wells are flush mounted to 
the areas where they were placed.  Special hand tools were required to open and close the monitoring wells. 
Three bolts fasten the well cover to its anchor point on the ground and all three must be removed by ratchet in 
order for the well to be accessed.  Once access to the well was obtained, the cap was removed and a water level 
taken. After this, the well was purged. To purge the wells, 4-foot long dedicated polyethylene hand bailers on a 
string were used. Hand bailers were chosen because of the low detection limits of BTEX, cross contamination 
is hard to eliminate with low detection limits if a pump is used to purge the wells.  The bailer was dropped 
down the well and allowed to fill with water, then pulled from the well dumped into a bucket. The well was 
purged until three volumes were removed from the well. The wells all have a 2” diameter inside, the equation 
for the volume of water is:  
Volume of Water in a 2” well = (0.17 (total Depth-Depth to water)) 
0.17 = Volume per foot of saturation ( ) 
Amount to Purge = Volume of Water x 3 
After purging was complete, the well was considered ready to be sampled. The samples were labeled with date, 
time, and location then brought to a certified lab for analysis. The samples were accompanied with appropriate 
Quality Assurance/Quality Control samples such as a daily field blank and a trip blank for reference.  
  17 
RESULTS 
The second ISCO treatment of the shallow soil and groundwater at Petro was conducted between June 
3, 2015 and July 2, 2015.  In accordance with the LDEQ approved CAP, the impacted areas of the property 
were treated by injecting ORC Advanced and RegenOx.  The ISCO treatment was injected into the soil and 
groundwater utilizing direct push equipment, GeoProbe 6620, to reach the desired injection depth.  Injections 
were generally conducted between 10 and 25 feet below ground surface. The Oxidation chemicals were 
pumped down with the ChemGrout Double Hopper Pump.  The treatment was split into two areas.  Area 1 
consisted of the vicinity of MW-3, and Area 2 consisted of the vicinity of MW-2 and MW-7 (see Figures 4 – 
7).  Figure 1 is a site location map of the facility, and Figures 2, 3, and 4 provide the -locations of the ISCO 
Access Points.   
Area 1 consisted of 17 ISCO Access Points used for the injection of RegenOx and ORC Advanced.  
The injection points were treated three separate times between June 3, 2015 and June 30, 2015 in which a total 
of 7,385 pounds of RegenOx was injected at area one. A fourth injection event at each point occurred between 
July 1, 2015 and July 2, 2015 in which a total of 1,920 pounds of ORC Advanced was injected.  Table 1 
includes a summary of volumes of RegenOx and ORC Advanced injected into the ISCO Access Points in Area 
1. 
Area 2 consisted of 38 ISCO Access Points used for the injection of ORC Advanced.  One injection 
event was conducted at each location between June 17, 2015 and June 23, 2015. 1,840 pounds of 
ORC Advanced was injected in these locations. Table 2 includes a summary of ORC Advanced volumes 
injected into the ISCO Access Points in Area 2. 
CHARTING DATA  
 An ongoing analysis of the quality of the groundwater at Petro has taken place since 2006. In 
December of 2005, wells MW-1 through MW-5 were installed onsite. The plume was observed growing or 
moving down stream in the aquifer. In June 2008, wells MW-6 through MW-8 were installed to measure 
expansion of the plume and down-gradient groundwater quality. A total of 40 sampling events have been 
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completed at wells MW-1 through MW-5 and 32 sampling events have been completed at wells MW-6 
throughMW-8. 
Figure 4- Site Location Map:  
This demonstrates the location of Petro in Hammond, Louisiana also a reference to the location of Tangipahoa 
parish is given in the bottom left corner of the figure. 
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Figure 5- Injection Overview: 
This Figure displays the two areas of injection at Petro 
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Figure 6- Injection Area 1: 
Here is a close view of Injection area 1 all of the injection points are visible here as well. 
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Figure 7- Injection Area 2: 
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It should also be noted that in the earlier sampling events, if Phase Separated Hydrocarbons (PSH), commonly 
referred to as free product, were observed by field personnel after purging the well then a sample of the well 
was not taken. PSH, gasoline, was visibly observed in the groundwater on many early sampling events in 
monitoring wells MW-2 and MW-3. Initially, monitoring was only for BTEX, TPH-GRO (total petroleum 
hydrocarbons), and MTBE.  In 2010, sampling for; C6-C8 aliphatics, C8-C10 aliphatics and C8-C10 aromatics 
was added and TPH-GRO analysis was dropped. Under RECAP testing for TPH-GRO is no longer required, 
its data was not included. 
Shown below in Figures 8-11 are graphed time series of analytical data taken between 3/25/2013 and 
3/28/16 each graph contains data from one specific COC. Groundwater wells MW-2, MW-3, MW-5, MW-7 
and MW-8 were chosen to represent the site during analysis. MW-5 is used as a background contamination 
well to represent a clean sample for the site. MW-2 and MW-3 are located in the center of the AOC and are 
used as examples of the highest amounts of contamination on the site. MW-7 and MW-8 are downgradient 
wells used to observe movement of COC’s. The RECAP standards for the site, a GW-1B, can be reviewed in 
Appendix 1 of this document.  
In an attempt to address the question of whether or not the decrease in concentration of COC’s is 
significant or not, a trend analysis was performed on the data. Sen’s Slope/Mann-Kendall trend tests have been 
performed for wells MW-2, MW-3, MW-5, MW-7 and MW-8. The Sen’s Slope/Mann-Kendall trend test is a 
nonparametric statistical analysis used to determine whether suspected increasing or decreasing trends are 
statistically significant. Key values tabulated in this test include the test statistic (S) and the critical point. Only 
if the absolute value of S is larger than the critical point is a statistically significant increasing or decreasing 
trend indicated. All results are reported at the 98% confidence interval. 
After running the results through the trend test most constituents appear to have a decreasing trend 
however, only a few have been proven significant. The decreasing trends for MTBE were proven significant in 
wells MW-2 and MW-5. MW-7 had significant decreasing trends for Benzene and Toluene. MW-8 displayed 
significant decreasing trends for toluene and xylenes. The trend test data is provided at the end of Appendix 4.  
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Figure 8.-Groundwater data for benzene and Toluene from 2013-2016 
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Figure 9.- Groundwater data for ethylbenzene and xylenes from 2013-2016 
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Figure 10- Groundwater data for MTBE and C6-C8 Aliphatics from 2013-2016 
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 Figure 11- Groundwater data for C8-C10 Aliphatics and Aromatics from 2013-2016 
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DISCUSSION 
The analytical data from five of the eight monitoring wells was graphed for further study and 
assessment. This was done after reviewing the data and selecting three wells as representative of the 
contaminated groundwater. The wells chosen to show the contaminating constituents of gasoline were MW-7, 
MW-3 and MW-2. Wells MW-8 and MW-7 were chosen to represent downgradient flow of the water to assess 
the movement of contaminates in the aquifer. Well MW-5 was chosen to represent background, i.e. a non-
impacted area of the aquifer beneath Petro. The location of these wells in relation to the gasoline dispensers 
can be seen in the Materials and Methods in Figure 3. along with the flow of the groundwater carrying the 
contaminates. The degradation of BTEX constituents follows what was expected, for the most part, after 
reviewing the literature. According to Kang and Hua (2005) the constituents degrade from direct oxidation at a 
similar rate when in solution together. After analysis the BTEX constituents do follow a similar rate of 
degradation when compared side by side. The El-Naas group (2014) described toluene as the most readily 
biodegradable constituent in the BTEX group. Ethylbenzene not toluene however was the first of the BTEX 
group to come into compliance. MTBE was in compliance almost immediately after the first injection and was 
the first of the anilities to fall below RECAP standards. 
In Figures 8-11, data for C8-10 aromatics and C6-10 aliphatics were also graphed. This analysis and 
graphing was done because analysis of these constituents of gasoline is required by RECAP.  According to 
Stephen J. Lawrence (2006) these aliphatic and aromatic compounds can also be viewed as evidence of 
degradation, some of these compounds are degradation intermediates for BTEX (Lawrence, 2006). This can 
result in some overlap in analysis because some BTEX compounds are in the C8-10 aromatic range, 
Ethylbenzene and Xylenes. However, it is also noted that many products of the oxidation of BTEX are still 
aromatic at an intermediate stage in oxidative degradation or at some other endpoint of BTEX degradation (El-
Naas et al. 2014). Aliphatics are further degradation products because they can result from the loss of electron 
rotation inside of the benzene ring, which is common in oxidative degradation of BTEX. 
Over time the contaminate levels were observed dropping in monitoring well MW-2 and MW-3, in the 
early sampling events PSH were observed in the wells after purging. Free product in the wells was a cause to 
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not sample the well.  During the years where PSH were observed in purged wells, no samples were analyzed, 
but it is assumed that the concentrations of BTEX were well above RECAP standards. In wells MW-2 and 
MW-3 it was noted that the level of C8-10 aromatics and C6-10 aliphatics increased after each ISCO injection 
event and the levels of BTEX dropped.  Although the levels rebounded sometime after the injection events, 
they remained lower than before the ISCO injection events. This gives the data a “stair case” appearance. The 
levels of COC’s dropped to non-detectable levels during a sampling event on 3/19/15, and below RECAP 
standards then rebound the next event (see Figures 8-11).   
Lab error may have occurred during the 3/19/15 event, however the decline shown over multiple 
sampling events is still evident showing the site is being remediated. According to Angel Cardoza and the 
Reynolds group (2008) after a RegenOx injection, desorption of contaminates from the soil can occur. This 
causes a spike in the concentrations then followed by a quick decline in COC concentrations 
(Herrington, T.,2008). This offers another explanation for the contaminated samples after the initial ISCO 
injection event and then the clean sampling on 3/19/15. Another source of contamination could be customers 
who are careless and spill gas on the ground during fueling. This incidental spilling would likely not impact the 
groundwater as quickly as it has been brought back to detectable levels because of the clay layer and the 
impermeable paved fueling area, but it is not out of the question to assume this may have some role to play in 
the sites continued contamination. 
 The resurgence of contamination may be the fault of the tight packed clay that sits above the aquifer. 
According to Saeid Gitipour (1997) clay has a natural affinity for organics such as BTEX. Gitipour’s study was 
the immobilization of organics using bentonite clays. In the case of Petro a layer of clay 12 feet thick sits 
above the sandy aquifer. Ordinary clay can absorb around to 30 percent by volume of the organic pollutants 
that pass through it (Gitipour, 1997). The leak at Petro persisted for an unknown amount of time allowing for 
the clay layer above the aquifer to become fully saturated with gasoline and its contaminates. The resurgence 
of Contaminates after each ISCO treatment may be due to the natural partitioning of gasoline contaminates 
between the clay and aquifer. As the contaminates in the sandy aquifer are degraded to acceptable levels the 
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clay releases more to fill the void. As the clay becomes clean it will partition less contaminates than it could in 
the past. This can be seen in Figures 8-11 by the steady decline of contaminates over time.  
Petro has not been declared clean after its two ISCO injection events. However, the wells all show 
trends of decreasing contaminate levels (Appendix 4) and most levels are below RECAP standards. The 
acceptable RECAP levels for each constituent analyzed are as follows: benzene 0.005 mg/l, toluene 1.0 mg/l, 
ethylbenzene 0.7 mg/l, xylenes1.0 mg/l, MTBE 0.02 mg/l, C8-10 aromatics 0.34 mg/l, C6-8 aliphatics 3.2 
mg/l, and C8-10 aliphatics 1.3 mg/l. The limiting factor for declaring this site clean is the benzene 
concentration onsite all other constituents are close or below acceptable levels of contamination according to 
RECAP. The issue with the low level of compliance for benzene is a common one among leaking UST sites, 
benzene is only analytically detectable to 0.005 mg/l with today’s analytical equipment in a certified lab. This 
means the limit of detection is the acceptable level. This makes it extremely difficult to declare a site clean. 
Benzene can also occur naturally in the environment through the burning of organic materials gas releases 
from geothermal activities and most commonly in crude oil. This organic constituent therefore can exist at a 
site not contaminated by anthropogenic means (ATSDR, 2007,2015).  
Suggestions for improving the effectiveness of this remediation method would be the application of the 
ISCO materials low pressure over a wide range at once instead of pumping each borehole one at a time connect 
three or 4 boreholes at once and inject into all of them. Another thought would be the application of an 
activated carbon “wall” using the same injection tools as ISCO. This downgradient wall could immobilize the 
plume in the aquifer allowing for future ISCO injections up gradient from the activated carbon wall. The use of 
more long term bioremediation injection techniques like the ORC Advanced injections would aid in 
conjunction with the activated carbon injections. 
PLUME FIGURES 
The data gathered from sampling events was used to model plumes of the constituents in the aquifer. 
Figures 12-23 were drawn to show these estimated plumes. The series of figures shows the plumes through 
time drawn after sampling events in 2007,2011, and 2016 respectively. The plume appears to have decreased in 
size after the ISCO injection events in 2015.  
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Figure 12- BTEX Plume Map 2007: 
 
This figure demonstrates the BTEX Plume in the aquifer after the first quarter sampling event of 2007. Unlike 
the Other figures the BTEX constituents are grouped here into one plume  
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Figure 13- MTBE Plume Map 2007: 
 
This figure demonstrates the MTBE Plume in the aquifer after the first quarter sampling event of 2007.  
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Figure 14- Benzene Plume Map 2011: 
 
This figure demonstrates the Benzene Plume in the aquifer after the first quarter sampling event of 2011.  
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Figure 15- Toluene Plume Map 2011: 
 
This figure demonstrates the Toluene Plume in the aquifer after the first quarter sampling event of 2011.  
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Figure 16- Ethylbenzene Plume Map 2011: 
 
This figure demonstrates the Ethylbenzene Plume in the aquifer after the first quarter sampling event of 2011.  
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Figure 17- Xylenes Plume Map 2011: 
 
This figure demonstrates the Xylenes Plume in the aquifer after the first quarter sampling event of 2011.  
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Figure 18- MTBE Plume Map 2011: 
 
This figure demonstrates the MTBE Plume in the aquifer after the first quarter sampling event of 2011.  
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Figure 19- Benzene Plume Map 2016: 
 
This figure demonstrates the Benzene Plume in the aquifer after the second quarter sampling event of 2016. 
  40 
 
Figure 20- Toluene Plume Map 2016: 
 
This figure demonstrates the Toluene Plume in the aquifer after the second quarter sampling event of 2016. 
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Figure 21- Ethylbenzene Plume Map 2016: 
 
This figure demonstrates the Ethylbenzene in the aquifer, plume is too small to map, after the second quarter 
sampling event of 2016. 
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Figure 22- Xylenes Plume Map 2016: 
 
This figure demonstrates the Xylenes Plume in the aquifer after the second quarter sampling event of 2016. 
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Figure 23- MTBE Plume Map 2016: 
 
This figure demonstrates the MTBE Plume in the aquifer after the second quarter sampling event of 2016. 
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CONCLUSION 
ISCO injections were performed at Petro in December 2013 and June 2015. The methodology was 
direct injection of a heavy oxidizer, RegenOx, followed by a time release oxygen compound, ORC Advanced, 
into a plume of gasoline sitting on top of the water in the aquifer in hope that this would degrade the 
contaminates, and remediate the aquifer. As shown in the results and discussion contaminate levels have 
lowered significantly at a 98% confidence interval, and the plume is shrinking. However, Petro has not 
achieved closure criteria according to RECAP standards.  
The site was classified as a GW-1B, meaning it is subject to the most stringent of remediation 
requirements due to its ability produce enough water to be used as a drinking water source. The acceptable 
levels for each COC are as follows: benzene 0.005 mg/l, toluene 1.0 mg/l, ethylbenzene 0.7 mg/l, xylenes1.0 
mg/l, MTBE 0.02 mg/l, C8-10 aromatics 0.34 mg/l, C6-8 aliphatics 3.2 mg/l, and C8-10 aliphatics 1.3 mg/l.  
The analytical results show undulating levels of contaminates dropping to below detectable levels then 
resurging, the next sampling event, to levels above acceptable RECAP standards. Levels show steady decline 
in all the monitoring wells including downgradient monitoring wells. This undulating phenomenon can be 
explained by desorption of COCs, incidental spilling of gasoline, or the clay’s affinity for organics. Further 
investigation into the clay will provide a better idea of which hypothesis is closer to the truth. During a 
sampling event, 3/19/15, levels were below detectable concentrations. Lab error offers an explanation for this 
event. The site still obviously has contamination on it, if that event produced clean samples is highly suspect.  
The ISCO injections are successful at bringing gasoline contaminate concentrations down directly after 
an injection period. The method is effective and easy to apply. The resurgence of contaminates at this site is up 
for discussion and further study but the method of remediation used at Petro is an effective tool in remediating 
a gasoline contaminated aquifer. Suggestions for improving the effectiveness of this remediation method 
would be the application of an activated carbon “wall” using the same injection tools as ISCO in order to 
immobilize the plume in the aquifer allowing for future ISCO injections up gradient from the activated carbon 
wall. The use of more long term bioremediation injection techniques like the ORC Advanced injections would 
aid in conjunction with the activated carbon injections. 
  45 
REFERENCES 
1. Addendum to the Toxicological Profile For Benzene. [Electronic Resource]. n.p.: Atlanta, Ga. : U.S. 
Dept. of Health and Human Services, Public Health Service, Agency for Toxic Substances and Disease 
Registry, [2007], 2015. Louisiana State University. Web. 19 Feb. 2017. 
2. Ahmad Khan, Haseeb. "Benzene's Toxicity: A Consolidated Short Review Of Human And Animal 
Studies." Human & Experimental Toxicology 26.9 (2007): 677-685. MEDLINE. Web. 26 Oct. 2016. 
3. Aranda, Elisabet, et al. "Advanced Oxidation Of Benzene, Toluene, Ethylbenzene And Xylene Isomers 
(BTEX) By Trametes Versicolor." Journal Of Hazardous Materials 181.(2010): 181-
186. ScienceDirect. Web. 24 Jan. 2017. 
4. Bodocsi, A. "The Use Of Modified Bentonite For Removal Of Aromatic Organics From Contaminated 
Soil." (1997): SciTech Connect. Web. 26 Oct. 2016. 
5. Callan, S P, et al. "Changes In Developmental Body Weight As A Function Of Toluene Exposure: A 
Meta-Analysis Of Animal Studies." Human & Experimental Toxicology 35.4 (2016): 341-352. 
MEDLINE. Web. 26 Oct. 2016. 
6. Christofoletti Mazzeo, Dania Elisa, Thais Cristina Casimiro Fernandes, and Maria Aparecida Marin-
Morales. "Cellular Damages In The Allium Cepa Test System, Caused By BTEX Mixture Prior And 
After Biodegradation Process." Chemosphere 85.1 (n.d.): 13-18. Biological Abstracts 1969 - Present. 
Web. 26 Oct. 2016. 
7. Crimi, M.L., and J. Taylor. "Experimental Evaluation Of Catalyzed Hydrogen Peroxide And Sodium 
Persulfate For Destruction Of BTEX Contaminants." Soil & Sediment Contamination (2007): AGRIS. 
Web. 26 Oct. 2016. 
8. Dawson, J.J.C., et al. "Application Of Luminescent Biosensors For Monitoring The Degradation And 
Toxicity Of BTEX Compounds In Soils." Journal Of Applied Microbiology 1 (2008): AGRIS. Web. 26 
Oct. 2016. 
9. El-Naas, Muftah H., Janice A. Acio, and Ayat E. El Telib. "Aerobic Biodegradation Of BTEX: 
Progresses And Prospects." Journal Of Environmental Chemical Engineering 2.(2014): 1104-
1122. ScienceDirect. Web. 24 Jan. 2017. 
10. Fu, Xiaori, et al. "Enhanced Degradation Of Benzene In Aqueous Solution By Sodium Percarbonate 
Activated With Chelated-Fe(II)." Chemical Engineering Journal (2016): Knovel. Web. 26 Oct. 2016. 
11. Gersberg, R.M., et al. "Biomonitoring Of Toxicity Reduction During In Situ Bioremediation Of 
Monoaromatic Compounds In Groundwater." Water Research (Oxford) (United Kingdom) 2 (1995): 
545. AGRIS. Web. 26 Oct. 2016. 
12. Herrington, T. (Regenesis, San Clemente, CA); A. Cordoza (Reynolds Group, Tustin, CA). 
ADVANCED CHEMICAL OXIDATION ACHIEVES SITE CLOSURE FOR PETROLEUM 
HYDROCARBONS AND MTBEIPEC 2008: 15th Annual International Petroleum & Biofuels 
Environmental Conference, 10-13 November, Albuquerque, New Mexico 
13. Jindrová, E., et al. "Bacterial Aerobic Degradation Of Benzene, Toluene, Ethylbenzene And 
Xylene." Folia Microbiologica 2 (2002): AGRIS. Web. 24 Jan. 2017. 
14. Kandyala, Reena, Sumanth Phani C Raghavendra, and Saraswathi T Rajasekharan. "Xylene: An 
Overview Of Its Health Hazards And Preventive Measures." Journal Of Oral And Maxillofacial 
Pathology: JOMFP 14.1 (2010): 1-5. MEDLINE. Web. 8 Sept. 2016. 
15. Kang, Namgoo, and Inez Hua. "Enhanced Chemical Oxidation Of Aromatic Hydrocarbons In Soil 
Systems." Chemosphere [Oxford] 61.7 (2005): 909-922. GeoRef. Web. 24 Jan. 2017. 
16. Lawrence, Stephen J. Description, Properties, And Degradation Of Selected Volatile Organic 
Compounds Detected In Ground Water. [Electronic Resource] : A Review Of Selected Literature. n.p.: 
Reston, Va. : U.S. Geological Survey, 2006., 2006. Louisiana State University. Web. 19 Feb. 2017. 
  46 
17. Lemaire, Julien, et al. "Is It Possible To Remediate A BTEX Contaminated Chalky Aquifer By In Situ 
Chemical Oxidation?." Chemosphere 84.9 (2011): 1181-1187. MEDLINE. Web. 26 Oct. 2016. 
18. Liu, Faye F, Cheng Peng, and Jack C Ng. "BTEX In Vitro Exposure Tool Using Human Lung Cells: 
Trips And Gains." Chemosphere 128.(2015): 321-326. MEDLINE. Web. 26 Oct. 2016. 
19. Moolla, Raeesa, Christopher J Curtis, and Jasper Knight. "Assessment Of Occupational Exposure To 
BTEX Compounds At A Bus Diesel-Refueling Bay: A Case Study In Johannesburg, South Africa." 
The Science Of The Total Environment 537.(2015): 51-57. MEDLINE. Web. 26 Oct. 2016. 
20. McDaniel, Donald. Soil Survey Of Tangipahoa Parish, Louisiana. n.p.: [Washington, D.C.] : The 
Service, [1990], 1990. Louisiana State University. Web. 26 Oct. 2016. 
21. Natarajan, Rajamohan, and Jamila Al-Sinani. "Biodegradation Of Benzene, Ethylbenzene, And Xylene 
Mixture In A Date Palm Tree Bark-Based Upflow Biofilter." Bioresources 10.4 (2015): 6730-6740. 
Academic Search Complete. Web. 5 Sept. 2016 
22. Rapp, Timothy R. Ground-Water Resources Of Southern Tangipahoa Parish And Adjacent Areas, 
Louisiana. n.p.: Baton Rouge, La. : U.S. Geological Survey ; Denver, CO : Books and Open-File 
Reports Section [distributor], 1994., 1994. Louisiana State University. Web. 26 Oct. 2016. 
23. Šoštarić, A., et al. "Quantification And Mechanisms Of BTEX Distribution Between Aqueous And 
Gaseous Phase In A Dynamic System." Chemosphere 144.(2016): 721-727. ScienceDirect. Web. 26 
Oct. 2016. 
24. Takáčová, Alžbeta, et al. "DEGRADATION OF BTEX BY MICROALGAE Parachlorella Kessleri." 
Petroleum & Coal 57.2 (2015): 101-107. Academic Search Complete. Web. 26 Oct. 2016. 
25. Takeshi, Wada, and Koga Nobuyoshi. "Chemical Composition Of Sodium Percarbonate: An Inquiry-
Based Laboratory Exercise." Journal Of Chemical Education 90.8 (2013): 1048-1052. Professional 
Development Collection. Web. 26 Oct. 2016. 
26. Taylor, Jessilynn. Toxicological Profile For Ethylbenzene. [Electronic Resource]. n.p.: Atlanta, Ga.: 
U.S. Dept. of Health and Human Services, Public Health Service, Agency for Toxic Substances and 
Disease Registry, [2010], 2010. Louisiana State University. Web. 4 Sept. 2016. 
27. Toxicological Profile For Benzene. [Electronic Resource]. n.p.: Atlanta, Ga. : U.S. Dept. of Health and 
Human Services, Public Health Service, Agency for Toxic Substances and Disease Registry, [2007], 
2007. Louisiana State University. Web. 19 Feb. 2017. 
28. Tsitonaki, A, et al. "In Situ Chemical Oxidation Of Contaminated Soil And Groundwater Using 
Persulfate: A Review." Critical Reviews In Environmental Science And Technology 40.1 (2010): 55-
91. Science Citation Index. Web. 24 Jan. 2017. 
29. Wei, Zhang, Ding Weijie, and Ying Weichi. "Biological Activated Carbon Treatment For Removing 
BTEX From Groundwater." Journal Of Environmental Engineering 139.10 (2013): 1246-1254. 
Academic Search Complete. Web. 26 Oct. 2016. 
30. Xylene. [Electronic Resource]. n.p.: Atlanta, GA : Agency for Toxic Substances Disease Registry, 
Division of Toxicoloy and Environmental Medicine, Dept. of Health and Human Services, Public 































  48 
  49 
  50 
  51 
  52 
  53 
  54 
 
  55 
 
  56 
  57 
 


















  59 
  60 
  61 
  62 
  63 
  64 
  65 
  66 
  67 
  68 
  69 
  70 
  71 
  72 
  73 
  74 
  75 
  76 
  77 
  78 
  79 
  80 
  81 
  82 
  83 
  84 
  85 
  86 
  87 
  88 
  89 
  90 
  91 
  92 
  93 
  94 
  95 
  96 
  97 
  98 
  99 
  100 
  101 
  102 
  103 
  104 
  105 
  106 
  107 
  108 
  109 
  110 
  111 
  112 
  113 
  114 
  115 
  116 
  117 
  118 
  119 
  120 
  121 
  122 
  123 
  124 
  125 
  126 
  127 
  128 
  129 
  130 
  131 
  132 
  133 
  134 
  135 
  136 
  137 
  138 
  139 
  140 
  141 
  142 
  143 
  144 
  145 
  146 
  147 
  148 
  149 
  150 
  151 
  152 
  153 
  154 
  155 
  156 
  157 
  158 
  159 
  160 
  161 
  162 
  163 
  164 
  165 
  166 
  167 
  168 
  169 
  170 
  171 
  172 
  173 
  174 
  175 
  176 
  177 
  178 
  179 
  180 
  181 
  182 
  183 
  184 
  185 
  186 
  187 
  188 
  189 
  190 
  191 
  192 
  193 
  194 
  195 
  196 
  197 
  198 
  199 
  200 
  201 
  202 
  203 
  204 
  205 
  206 
  207 
  208 
  209 
  210 
  211 
  212 
  213 
  214 
  215 
  216 
  217 
  218 
  219 
  220 
  221 
  222 
  223 
  224 
  225 
  226 
  227 
  228 
  229 
  230 
  231 
  232 
  233 
  234 
  235 
  236 
  237 
  238 
  239 
  240 
  241 
  242 
  243 
  244 
  245 
  246 
  247 
  248 
  249 
  250 
  251 
  252 
  253 
  254 
 








ORC ADVANCED MSD 
 
 
  256   
  257 
  258 
  259 
  260 
  261 
  262 
  263 
  264 
  265 
  266 
  267 
  268 
  269 
  270 
  271 
  272 
  273 
  274 
  275 
  276 
  277 





















  279 
Historical Analytical Groundwater Data  
Petro Stopping Centers #10 
Tangipahoa Parish 
Hammond, Louisiana 
             
                C6-C8 C8-C10 C8-C10 
  Date Benzene Toluene Ethylbenzene Xylenes 
TPH-
GRO MTBE Aliphatics Aliphatics Aromatics 
Well Sampled (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 
MW-
1 
12/8/2005 <0.001 <0.005 <0.005 <0.01 <0.10 <0.005       
3/22/2006 <0.001 <0.005 <0.005 <0.01 <0.10 <0.005       
6/12/2006 <0.001 <0.005 <0.005 <0.01 <0.10 <0.005       
9/29/2006 <0.001 <0.005 <0.005 <0.001 0.0527 0.0078       
12/27/2006 <0.001 <0.005 <0.005 <0.001 <0.10 <0.005       
3/13/2007 <0.001 <0.0050 <0.0050 <0.01 <0.10 <0.0050       
6/22/2007 <0.001 <0.0050 <0.0050 <0.01 <0.10 <0.0050       
9/25/2007 <0.001 <0.0050 <0.0050 <0.01 <0.10 0.007       
12/19/2007 <0.001 <0.0050 <0.0050 <0.01 0.2300 0.005       
6/4/2008 <0.005 <0.005 <0.005 <0.01 <0.005 <0.005       
9/16/2008 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005       
11/26/2008 <0.005 <0.005 <0.005 <0.01 <0.1 <0.005       
3/17/2009 <0.005 <0.005 <0.005 <0.005 <0.1 <0.005       
6/29/2009 <0.005 0.01 <0.005 0.02 0.21 0.01       
9/15/2009 0.02 0.18 0.03 0.19 1.40 <0.005       
12/10/2009 <0.005 <0.005 <0.005 <0.005 <0.10 <0.005       
3/26/2010 <0.005 <0.005 <0.005 <0.005 <0.10 <0.005 <0.03 <0.05 <0.05 
6/10/2010 <0.005 0.06 0.019 0.103 0.560 <0.005 0.16 0.18 0.22 
9/16/2010 <0.005 <0.005 <0.005 <0.005 <0.10 <0.005 <0.03 <0.05 <0.05 
12/20/2010 <0.005 <0.005 <0.005 <0.005 <0.10 <0.005 <0.03 <0.05 <0.05 
3/21/2011 <0.005 0.0180 <0.005 0.0282 NA <0.005 <0.03 <0.05 <0.05 
6/24/2011 <0.005 <0.005 <0.005 <0.005 NA <0.005 <0.03 <0.05 <0.05 
9/23/2011 <0.005 <0.005 <0.005 <0.005 NA <0.005 <0.03 <0.05 <0.05 
12/21/2011 <0.005 <0.005 <0.005 <0.005 NA <0.005 <0.03 <0.05 <0.05 
3/14/2012 <0.005 <0.005 <0.005 <0.005 NA <0.005 <0.03 <0.05 <0.05 
6/21/2012 <0.005 <0.005 <0.005 <0.005 NA <0.005 <0.03 <0.05 <0.05 
9/21/2012 <0.005 <0.005 <0.005 <0.005 NA <0.005 <0.03 <0.05 <0.05 
12/20/2012 <0.005 <0.005 <0.005 <0.005 NA <0.005 <0.03 <0.05 <0.05 
3/25/2013 <0.005 <0.005 <0.005 <0.005 NA <0.005 <0.03 <0.05 <0.05 
6/27/2013 NS NS NS NS NS NS NS NS NS 
9/26/2013 NS NS NS NS NS NS NS NS NS 
12/30/2013 NS NS NS NS NS NS NS NS NS 
3/13/2014 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.03 <0.05 <0.05 
6/23/2014 NS NS NS NS NS NS NS NS NS 
9/12/2014 NS NS NS NS NS NS NS NS NS 
12/23/2014 NS NS NS NS NS NS NS NS NS 
3/19/2015 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.030 <0.050 <0.050 
6/29/2015 NS NS NS NS NS NS NS NS NS 
9/17/2015 NS NS NS NS NS NS NS NS NS 
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3/28/2016 <0.001 <0.001 <0.001 <0.002 NA <0.001 <0.15 <0.15 <0.15 
  6/22/2016 NS NS NS NS NS NS NS NS NS 
           
MW-
2 
3/22/2006 PSH* PSH* PSH* PSH* PSH* PSH*     PSH* 
6/12/2006 PSH* PSH* PSH* PSH* PSH* PSH*     PSH* 
9/29/2006 PSH* PSH* PSH* PSH* PSH* PSH*     PSH* 
12/27/2006 PSH* PSH* PSH* PSH* PSH* PSH*     PSH* 
3/17/2007 PSH* PSH* PSH* PSH* PSH* PSH*     PSH* 
6/22/2007 0.67 3.40 1.00 4.90 15.00 0.95     9.84 
9/25/2007 0.99 3.80 0.82 4.00 20.00 2.10     12.26 
12/19/2007 0.53 1.80 0.37 1.80 11.00 0.97     6.40 
3/5/2008 0.28 0.57 0.10 0.42 6.20 0.55     3.26 
6/4/2008 0.18 0.36 0.08 0.30 3.20 0.29     1.74 
9/16/2008 0.26 0.36 0.61 0.25 5.50 0.29     2.74 
11/26/2008 0.46 2.60 0.53 2.84 15.00 0.25     2.88 
3/17/2009 2.40 13.00 2.70 16.30 240.00 1.30     16.45 
6/24/2009 0.30 2.10 0.50 2.53 17.00 0.14     8.89 
9/15/2009 0.39 1.80 0.34 1.78 15.00 0.14     7.63 
12/10/2009 0.23 0.75 0.15 0.59 5.5 0.30     2.93 
3/26/2010 1.60 4.00 0.48 2.56 24.0 2.80 7.8 3 9.69 
6/10/2010 4.10 0.94 1.20 6.70 84.0 5.10 24 9.2 31.02 
9/16/2010 3.40 7.90 0.75 4.40 72.0 3.50 19 6.5 24.78 
12/20/2010 3.30 8.50 0.88 4.80 45.00 1.90 16 5.8 17.00 
3/21/2011 1.70 7.30 2.00 15.60 NA 1.20 15 23 15.75 
6/24/2011 4.50 7.70 1.20 7.50 NA 1.80 18 8.6 5.85 
9/23/2011 0.94 5.10 0.71 2.90 NA 0.24 7.9 7 2.79 
12/21/2011 1.60 3.60 0.43 2.68 NA 0.60 7.7 3.4 2.10 
3/14/2012 1.00 3.90 0.75 4.40 NA 0.34 5.4 3.9 4.28 
6/21/2012 0.61 1.20 0.14 1.040 NA <0.005 2.6 3.5 0.81 
9/21/2012 0.28 0.60 0.075 0.42 NA 0.21 1.8 0.68 0.32 
12/20/2012 0.540 0.930 0.110 0.480 NA 0.42 29 10 1.601 
3/25/2013 2.100 5.200 0.290 1.980 NA 1.20 6.4 1.8 1.075 
6/27/2013 2.000 4.100 0.330 1.840 NA 0.57 11 3.1 6.392 
9/26/2013 2.600 5.100 0.360 2.130 NA 0.86 10 2.8 7.739 
12/30/2013 2.500 7.300 0.540 5.200 NA 0.35 13 6.6 4.220 
3/14/2014 0.450 1.500 0.190 1.520 NA 0.32 2.7 1.8 1.390 
6/23/2014 0.460 0.990 0.160 1.220 NA 0.08 2.7 1.9 3.100 
9/12/2014 0.390 1.100 0.120 1.370 NA 0.08 4.4 3.4 4.700 
12/23/2014 0.570 1.300 0.076 1.360 NA 0.037 2.6 1.7 2.500 
3/19/2015 <0.0010 <0.0010 <0.0010 <0.0010 NA 0.0141 <0.030 <0.050 <0.050 
6/29/2015 0.683 1.940 0.149 1.300 NA 0.108 2.46 1.18 1.51 
9/17/2015 1.590 4.680 0.213 2.470 NA 0.138 4.220 3.310 4.330 
12/14/2015 0.339 1.16 0.086 0.665 NA 0.044 3.86 1.74 2.29 
3/28/2016 1.270 4.470 0.381 2.390 NA 0.1380 6.550 3.080 3.860 
  6/22/2016 1.080 3.850 0.444 2.360 NA 0.1230 0.617 0.309 0.393 
           
12/8/2005 PSH* PSH* PSH* PSH* PSH* PSH*       
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MW-
3 
3/22/2006 PSH* PSH* PSH* PSH* PSH* PSH*       
6/12/2006 PSH* PSH* PSH* PSH* PSH* PSH*       
9/29/2006 PSH* PSH* PSH* PSH* PSH* PSH*       
12/27/2006 PSH* PSH* PSH* PSH* PSH* PSH*       
3/17/2007 PSH* PSH* PSH* PSH* PSH* PSH*       
6/22/2007 PSH* PSH* PSH* PSH* PSH* PSH*       
9/25/2007 PSH* PSH* PSH* PSH* PSH* PSH*       
12/19/2007 PSH* PSH* PSH* PSH* PSH* PSH*       
3/5/2008 PSH* PSH* PSH* PSH* PSH* PSH*       
6/4/2008 PSH* PSH* PSH* PSH* PSH* PSH*       
9/16/2008 PSH* PSH* PSH* PSH* PSH* PSH*       
11/26/2008 PSH* PSH* PSH* PSH* PSH* PSH*       
3/17/2009 PSH* PSH* PSH* PSH* PSH* PSH*       
6/24/2009 PSH* PSH* PSH* PSH* PSH* PSH*       
9/15/2009 PSH* PSH* PSH* PSH* PSH* PSH*       
12/10/2009 PSH* PSH* PSH* PSH* PSH* PSH*       
3/26/2010 PSH* PSH* PSH* PSH* PSH* PSH*       
6/10/2010 PSH* PSH* PSH* PSH* PSH* PSH*       
9/16/2010 PSH* PSH* PSH* PSH* PSH* PSH*       
12/20/2010 PSH* PSH* PSH* PSH* PSH* PSH* PSH* PSH* PSH* 
3/21/2011 PSH* PSH* PSH* PSH* PSH* PSH* PSH* PSH* PSH* 
6/24/2011 1.60 5.70 0.7 3.6 NA <0.005 9.5 5.2 6.5 
9/23/2011 1.60 3.30 0.6 2.9 NA 0.046 8.5 4.8 5.1 
12/21/2011 1.20 2.80 0.48 2.59 NA <0.1 7.9 5.6 6.8 
3/14/2012 1.20 2.20 0.23 0.75 NA 0.079 5.0 3.0 3.4 
6/21/2012 1.60 6.10 1.50 7.30 NA 0.3 14.0 20.0 16.0 
9/21/2012 1.00 1.80 0.31 1.28 NA 0.260 10.0 4.8 5.1 
12/20/2012 1.500 3.000 0.650 2.680 NA 0.2 1.2 0.6 0.7 
3/25/2013 1.300 2.900 0.270 2.670 NA 0.1 4.1 2.5 2.8 
6/27/2013 0.590 2.100 0.190 0.920 NA <0.1 3.9 2.1 2.1 
9/26/2013 2.000 7.700 0.910 4.400 NA 0.2 11.0 5.5 6.5 
12/30/2013 3.300 13.000 1.600 8.500 NA 0.96 20.0 13.0 17.0 
3/13/2014 1.600 4.300 1.000 5.400 NA 0.11 7.6 6.3 7.8 
6/23/2014 3.700 12.000 1.200 6.300 NA <0.005 19.0 8.7 11.0 
9/12/2014 2.600 8.900 0.930 4.700 NA <0.005 23.0 10.0 12.0 
12/23/2014 0.580 2.700 0.330 1.590 NA <0.005 9.8 5.1 6.7 
3/19/2015 <0.0010 <0.0010 <0.0010 <0.0010 NA 0.0293 <0.030 <0.050 <0.050 
6/29/2015 0.427 2.430 0.437 2.090 NA 0.0186 2.93 2.27 3.01 
9/17/2015 0.444 3.140 0.388 2.790 NA 0.0079 3.78 3.88 4.08 
12/14/2015 0.928 4.010 0.469 3.960 NA 0.0135 7.37 4.97 5.97 
3/28/2016 0.338 1.330 0.154 1.110 NA <0.010 1.440 1.020 1.230 
  6/22/2016 1.010 4.570 0.590 3.790 NA 0.0290 7.340 4.850 6.370 
           
MW-
4 
6/12/2006 <0.001 <0.005 <0.005 <0.01 <0.10 <0.005       
9/29/2006 <0.001 <0.005 <0.01 <0.01 <0.005 <0.005       
12/27/2006 <0.001 <0.005 <0.005 <0.01 <0.10 <0.005       
3/17/2007 <0.001 <0.0050 <0.0050 <0.01 <0.10 <0.0050       
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6/22/2007 <0.001 <0.0050 <0.0050 <0.01 <0.10 <0.0050       
9/25/2007 <0.001 <0.005 <0.005 <0.01 <0.10 <0.005       
12/19/2007 <0.001 <0.005 <0.005 <0.01 <0.10 <0.005       
3/5/2008 <0.005 <0.005 <0.005 <0.01 <0.10 <0.005       
6/4/2008 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005       
9/16/2008 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005       
11/26/2008 <0.005 <0.005 <0.005 <0.005 <0.1 <0.005       
3/17/2009 <0.005 <0.005 <0.005 <0.005 <0.1 <0.005       
6/24/2009 <0.005 0.01 <0.005 0.02 0.20 <0.005       
9/15/2009 <0.005 <0.005 <0.005 <0.005 <0.1 <0.005       
12/10/2009 <0.005 <0.005 <0.005 <0.005 <0.10 <0.005       
3/26/2010 <0.005 <0.005 <0.005 <0.005 <0.1 0.007 <0.03 <0.05 <0.05 
6/10/2010 <0.005 <0.005 <0.005 <0.005 <0.10 0.0097 <0.03 <0.05 <0.05 
9/16/2010 <0.005 <0.005 <0.005 <0.005 <0.10 <0.005 <0.03 <0.05 <0.05 
12/20/2010 <0.005 <0.005 <0.005 <0.005 <0.10 0.0073 <0.03 <0.05 <0.05 
3/21/2011 <0.005 <0.005 <0.005 0.0079 NA <0.005 <0.03 <0.05 <0.05 
6/24/2011 <0.005 <0.005 <0.005 <0.005 NA 0.0074 <0.03 <0.05 <0.05 
9/23/2011 <0.005 <0.005 <0.005 <0.005 NA 0.0110 <0.03 <0.05 <0.05 
12/21/2011 <0.005 <0.005 <0.005 <0.005 NA 0.0059 <0.03 <0.05 <0.05 
3/14/2012 <0.005 <0.005 <0.005 <0.005 NA 0.0170 <0.03 <0.05 <0.05 
6/21/2012 <0.005 <0.005 <0.005 <0.005 NA <0.005 <0.03 <0.05 <0.05 
9/21/2012 <0.005 <0.005 <0.005 <0.005 NA 0.0150 <0.03 <0.05 <0.05 
12/20/2012 <0.005 <0.005 <0.005 <0.005 NA 0.0150 <0.03 <0.05 <0.05 
3/25/2013 <0.005 <0.005 <0.005 <0.005 NA 0.0120 <0.03 <0.05 <0.05 
6/27/2013 NS NS NS NS NS NS NS NS NS 
9/26/2013 NS NS NS NS NS NS NS NS NS 
12/30/2013 NS NS NS NS NS NS NS NS NS 
3/13/2014 <0.005 <0.005 <0.005 <0.005 NS 0.0130 <0.03 <0.005 <0.05 
6/23/2014 NS NS NS NS NS NS NS NS NS 
9/12/2014 NS NS NS NS NS NS NS NS NS 
12/23/2014 NS NS NS NS NS NS NS NS NS 
3/19/2015 <0.0010 <0.0010 <0.0010 <0.0010 NA 0.0580 <0.030 <0.050 <0.050 
6/29/2015 0.0012 0.0108 0.009 0.0456 NA 0.0107 <0.15 <0.15 <0.15 
9/17/2015 <0.001 <0.001 <0.001 <0.002 NA 0.0134 <0.15 <0.15 <0.15 
12/14/2015 <0.001 <0.001 <0.001 <0.002 NA 0.0146 <0.15 <0.15 <0.15 
3/28/2016 <0.001 <0.001 <0.001 <0.002 NA 0.0061 <0.15 <0.15 <0.15 
  6/22/2016 NS NS NS NS NS NS NS NS NS 
           
MW-
5 
6/12/2006 <0.001 <0.005 <0.005 <0.01 <0.10 <0.005       
9/29/2006 <0.005 <0.005 <0.01 <0.01 <0.005 <0.005       
12/27/2006 <0.001 <0.005 <0.005 <0.01 <0.10 <0.005       
3/17/2007 <0.001 <0.0050 <0.0050 <0.01 <0.10 <0.0050       
6/22/2007 <0.001 <0.0050 <0.0050 <0.01 <0.10 <0.0050       
9/25/2007 <0.001 <0.005 <0.005 <0.01 <0.10 <0.005       
12/19/2007 0.001 <0.005 <0.005 <0.01 <0.10 <0.005       
3/5/2008 0.005 <0.005 <0.005 <0.01 <0.10 <0.005       
6/4/2008 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005       
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9/16/2008 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005       
11/26/2008 <0.005 <0.005 <0.005 <0.005 <0.1 <0.005       
3/17/2009 <0.005 <0.005 <0.005 <0.005 <0.1 <0.005       
6/24/2009 <0.005 <0.005 <0.005 0.02 0.16 <0.005       
9/15/2009 <0.005 <0.005 <0.005 <0.005 <0.1 <0.005       
12/10/2009 <0.005 <0.005 <0.005 <0.005 <0.10 <0.005       
3/26/2010 <0.005 <0.005 <0.005 <0.005 <0.1 <0.005 <0.03 <0.05 <0.05 
6/10/2010 <0.005 0.043 0.013 0.071 0.46 <0.005 0.083 0.13 0.15 
9/16/2010 <0.005 <0.005 <0.005 <0.005 <0.10 <0.005 <0.03 <0.05 <0.05 
12/20/2010 <0.005 <0.005 <0.005 <0.005 <0.10 <0.005 <0.03 <0.05 <0.05 
3/21/2011 <0.005 0.0054 <0.005 0.0056 NA <0.005 <0.03 <0.05 <0.05 
6/24/2011 <0.005 <0.005 <0.005 <0.005 NA <0.005 <0.03 <0.05 <0.05 
9/23/2011 <0.005 <0.005 <0.005 <0.005 NA <0.005 <0.03 <0.05 <0.05 
12/21/2011 <0.005 <0.005 <0.005 <0.005 NA 0.006 <0.03 <0.05 <0.05 
3/14/2012 <0.005 <0.005 <0.005 <0.005 NA 0.0092 <0.03 <0.05 <0.05 
6/21/2012 <0.005 <0.005 <0.005 <0.005 NA <0.005 <0.03 <0.05 <0.05 
9/21/2012 <0.005 <0.005 <0.005 <0.005 NA 0.0620 <0.03 <0.05 <0.05 
12/20/2012 <0.005 <0.005 <0.005 <0.005 NA 0.041 <0.03 <0.05 <0.05 
3/25/2013 <0.005 <0.005 <0.005 <0.005 NA 0.071 <0.03 <0.05 <0.05 
6/27/2013 <0.005 <0.005 <0.005 <0.005 NA 0.040 <0.03 <0.05 <0.05 
9/26/2013 <0.005 0.007 <0.005 <0.005 NA 0.043 <0.03 <0.05 <0.05 
12/30/2013 <0.005 0.095 0.019 0.094 NA 0.060 <0.03 <0.05 <0.05 
3/13/2014 <0.005 <0.005 <0.005 <0.005 NA 0.040 0.037 <0.05 <0.05 
6/23/2014 <0.005 <0.005 <0.005 <0.005 NA 0.035 <0.03 <0.05 <0.05 
9/12/2014 <0.05 <0.05 <0.05 <0.05 NA 0.029 <0.03 <0.05 <0.05 
12/23/2014 <0.005 <0.005 <0.005 <0.005 NA 0.028 <0.03 0.083 <0.05 
3/19/2015 0.0037 0.741 0.326 1.71 NA 0.0508 2.53 3.14 4.31 
6/29/2015 <0.001 <0.001 <0.001 <0.001 NA 0.0175 <0.15 <0.15 <0.15 
9/17/2015 <0.001 <0.001 <0.001 <0.002 NA 0.014 <0.15 <0.15 <0.15 
12/14/2015 <0.001 <0.001 <0.001 <0.002 NA 0.0246 <0.15 <0.15 <0.15 
3/28/2016 <0.001 <0.001 <0.001 <0.002 NA 0.0142 <0.15 <0.15 <0.15 
  6/22/2016 <0.001 <0.001 <0.001 <0.002 NA 0.0075 <0.15 <0.15 <0.15 
           
MW-
6 
6/4/2008 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005       
9/16/2008 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005       
11/26/2008 <0.005 <0.005 <0.005 <0.005 <0.1 0.012       
3/17/2009 <0.005 <0.005 <0.005 <0.005 <0.1 0.007       
6/24/2009 <0.005 <0.005 <0.005 <0.005 <0.1 0.012       
9/15/2009 <0.005 <0.005 <0.005 0.01 <0.1 0.007       
12/10/2009 <0.005 <0.005 <0.005 <0.005 <0.10 0.013       
3/26/2010 <0.005 <0.005 <0.005 <0.005 <0.10 0.011 <0.03 <0.05 <0.05 
6/10/2010 <0.005 0.035 0.012 0.068 0.43 0.0085 0.074 0.11 0.14 
9/16/2010 <0.005 <0.005 <0.005 <0.005 0.23 0.011 <0.03 <0.05 <0.05 
12/20/2010 0.0093 0.130 0.028 0.120 0.72 0.0110 0.21 0.19 0.22 
3/21/2011 <0.005 0.009 <0.005 0.018 NA 0.0086 <0.03 <0.05 <0.05 
6/24/2011 <0.005 <0.005 <0.005 <0.005 NA 0.0097 <0.03 <0.05 <0.05 
9/23/2011 <0.005 <0.005 <0.005 <0.005 NA 0.0086 <0.03 <0.05 <0.05 
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12/21/2011 <0.005 <0.005 <0.005 <0.005 NA 0.0100 <0.03 <0.05 <0.05 
3/14/2012 <0.005 <0.005 <0.005 <0.005 NA 0.0110 <0.03 <0.05 <0.05 
6/21/2012 <0.005 <0.005 <0.005 <0.005 <0.10 0.0110 <0.03 <0.05 <0.05 
9/21/2012 <0.005 <0.005 <0.005 <0.005 <0.10 0.020 <0.03 <0.05 <0.05 
12/20/2012 <0.005 <0.005 <0.005 <0.005 NA 0.031 <0.03 <0.05 <0.05 
3/25/2013 <0.005 <0.005 <0.005 <0.005 NA 0.054 <0.03 <0.05 <0.05 
6/27/2013 <0.005 <0.005 <0.005 <0.005 NA 0.078 <0.03 <0.05 <0.05 
9/26/2013 <0.005 <0.005 <0.005 <0.005 NA 0.130 <0.03 <0.05 <0.05 
12/30/2013 <0.005 0.015 <0.005 0.008 NA 0.120 <0.03 <0.05 <0.05 
3/13/2014 <0.005 <0.005 <0.005 <0.005 NA 0.066 <0.03 <0.05 <0.05 
6/23/2014 <0.005 <0.005 <0.005 <0.005 NA 0.130 <0.03 <0.05 <0.05 
9/12/2014 <0.05 <0.05 <0.05 <0.05 NA 0.110 <0.03 <0.05 <0.05 
12/23/2014 <0.005 <0.005 <0.005 <0.005 NA 0.084 <0.03 <0.05 <0.05 
3/19/2015 <0.0010 <0.0010 <0.0010 <0.0010 NA <0.0010 <0.030 <0.050 <0.050 
6/29/2015 <0.001 <0.001 <0.001 <0.001 NA <0.001 <0.15 <0.15 <0.15 
9/17/2015 <0.001 <0.001 <0.001 <0.002 NA 0.069 <0.15 <0.15 <0.15 
12/14/2015 <0.001 <0.001 <0.001 <0.002 NA 0.082 <0.15 <0.15 <0.15 
3/28/2016 <0.001 <0.001 <0.001 <0.002 NA 0.0388 <0.15 <0.15 <0.15 
  6/22/2016 <0.001 <0.001 <0.001 <0.002 NA 0.0239 <0.15 <0.15 <0.15 
           
MW-
7 
6/4/2008 0.10 0.36 0.03 0.16 1.70 0.01       
9/16/2008 0.35 0.93 0.13 0.56 6.10 0.07       
11/26/2008 0.23 0.53 0.09 0.36 3.20 0.028       
3/17/2009 0.29 0.99 0.15 0.67 11.00 <0.05       
6/24/2009 0.17 0.52 0.06 0.28 3.70 0.04       
9/15/2009 0.54 1.70 0.17 0.88 9.00 0.06       
12/10/2009 <0.005 <0.005 6.01 <0.005 <0.10 <0.005       
3/26/2010 1.20 5.00 0.42 2.32 3.0 0.220 11 4.2 5.8 
6/10/2010 1.400 5.700 0.62 3.300 36.00 0.260 11 4.4 5.5 
9/16/2010 1.30 5.80 0.55 2.82 39 0.290 11 4.4 5.1 
12/20/2010 0.930 4.300 0.51 2.230 21.0 0.200 7.9 3.5 4.3 
3/21/2011 0.79 4.70 0.47 2.110 NA 0.140 9.1 4.1 5.2 
6/24/2011 0.430 2.60 0.27 1.140 NA 0.140 2.9 1.1 1.4 
9/23/2011 0.48 2.70 0.35 1.390 NA 0.110 4.7 2.1 2.2 
12/21/2011 0.150 1.60 0.26 1.06 NA 0.019 2.4 1.3 1.5 
3/14/2012 0.045 0.680 0.12 0.40 NA <0.025 1.3 0.76 0.92 
6/21/2012 0.120 1.40 0.22 0.79 NA 0.017 0.91 4.2 3.8 
9/21/2012 0.057 0.90 0.12 0.47 NA 0.015 1.2 0.57 0.53 
12/20/2012 0.049 0.390 0.130 0.460 NA 0.018 1.4 0.95 0.91 
3/25/2013 0.190 1.900 0.240 1.050 NA 0.053 2.4 1 0.64 
6/27/2013 0.180 3.000 0.390 1.770 NA <0.1 4.2 3 2.7 
9/26/2013 0.140 0.840 0.270 1.040 NA 0.120 1.9 1.4 1.8 
12/30/2013 <0.005 0.810 0.170 0.900 NA 0.073 1.3 1.2 1.4 
3/13/2014 0.048 2.700 0.490 2.280 NA 0.060 4.2 3.5 3.9 
6/23/2014 <0.005 1.300 0.190 2.120 NA 0.071 2.2 2.4 3 
9/12/2014 <0.05 <0.05 <0.05 <0.05 NA <0.005 <0.03 <0.05 <0.05 
12/23/2014 <0.005 0.34 0.21 0.93 NA 0.065 0.78 1.2 1.5 
  285 
3/19/2015 <0.0010 <0.0010 <0.0010 <0.0010 NA <0.0010 <0.030 <0.050 <0.050 
6/29/2015 <0.005 0.781 0.409 1.930 NA 0.0484 0.818 2.03 2.48 
9/17/2015 <0.001 0.384 0.172 1.470 NA 0.0437 1.050 1.840 2.430 
12/14/2015 <0.001 0.155 0.106 0.742 NA 0.0645 0.422 0.761 0.917 
3/28/2016 <0.001 0.187 0.105 0.674 NA 0.0463 0.748 1.250 1.530 
  6/22/2016 <0.001 0.390 0.194 1.370 NA 0.0294 1.100 1.860 2.600 
           
MW-
8 
6/4/2008 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005       
9/16/2008 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005       
11/26/2008 <0.005 <0.005 <0.005 <0.005 <0.10 <0.005       
3/17/2009 <0.005 <0.005 <0.005 <0.005 <0.10 <0.005       
6/24/2009 <0.005 <0.005 <0.005 <0.005 <0.10 <0.005       
9/15/2009 <0.005 0.01 <0.005 0.02 0.16 <0.005       
12/26/2009 0.150 0.750 0.082 0.320 4.0 0.023       
3/26/2010 <0.005 <0.005 <0.005 <0.005 <0.10 <0.005 <0.03 <0.05 <0.05 
6/10/2010 0.005 0.088 0.024 0.138 0.62 <0.005 0.12 0.16 0.19 
9/16/2010 <0.005 <0.005 <0.005 <0.005 <0.10 <0.005 <0.03 <0.05 <0.05 
12/20/2010 0.041 0.420 0.059 0.254 1.90 <0.005 0.65 0.37 0.42 
3/21/2011 <0.005 0.007 <0.005 0.0094 NA <0.005 <0.03 <0.05 <0.05 
6/24/2011 <0.005 0.007 <0.005 <0.005 NA <0.005 <0.03 <0.05 <0.05 
9/23/2011 0.022 0.210 0.023 0.084 NA <0.005 0.32 0.13 0.12 
12/21/2011 0.0150 0.1900 0.0160 0.0670 NA <0.005 0.46 0.26 0.19 
3/14/2012 <0.005 <0.005 <0.005 <0.005 NA <0.005 <0.03 <0.05 <0.05 
6/21/2012 0.0150 0.3000 0.0300 0.1210 NA <0.005 0.068 0.5 0.14 
9/21/2012 <0.005 0.130 0.019 0.073 NA <0.005 0.2 0.13 0.16 
12/20/2012 <0.005 0.100 0.013 0.056 NA <0.005 0.19 0.099 0.2 
3/25/2013 0.011 0.260 0.039 0.159 NA <0.005 0.46 0.27 0.27 
6/27/2013 0.068 1.100 0.130 0.590 NA 0.046 1.4 0.92 1.1 
9/26/2013 0.009 0.073 0.021 0.077 NA <0.005 0.12 0.11 0.12 
12/30/2013 <0.005 0.140 0.022 0.114 NA <0.005 0.2 0.17 0.19 
3/13/2014 <0.005 <0.005 <0.005 <0.005 NA <0.005 <0.03 <0.05 <0.05 
6/23/2014 <0.005 <0.005 <0.005 <0.005 NA <0.005 <0.03 <0.05 <0.05 
9/12/2014 <0.05 0.045 0.1 0.09 NA <0.005 2.8 3.1 3.6 
12/23/2014 <0.005 <0.005 <0.005 <0.005 NA <0.005 <0.03 <0.05 <0.05 
3/19/2015 <0.0010 <0.0010 <0.0010 <0.0010 NA <0.0010 <0.030 <0.050 <0.050 
6/29/2015 <0.001 <0.001 <0.001 <0.001 NA <0.001 <0.15 <0.15 <0.15 
9/17/2015 <0.001 <0.001 <0.001 <0.002 NA <0.001 <0.15 <0.15 <0.15 
12/14/2015 <0.001 <0.001 <0.001 <0.002 NA <0.001 <0.15 <0.15 <0.15 
3/28/2016 <0.001 <0.001 <0.001 <0.002 NA <0.001 <0.15 <0.15 <0.15 
6/22/2016 NS NS NS NS NS NS NS NS NS 
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